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Description 

This invention relates to microstrip patch antennas 
and to arrays of such antennas and, more particularly, 
to a patch antenna assembly having one or more patch s 
radiators with feed structures for radiation of electro- 
magnetic power at any number of frequencies. 

Circuit boards comprising a dielectric substrate with 
one or more metallic, electrically-conductive sheets in 
laminar form are used for construction of microwave 10 
components and circuits, such as radiators of an 
antenna, filters, phase shifters, and other signal 
processing elements. Different configurations of the cir- 
cuit boards are available, three commonly used forms 
of circuit board being stripline, microstrip, and coplanar is 
waveguide. Of particular interest herein is a laminated 
antenna structure employing microstrip. The microstrip 
structure is relatively simple in that there are only two 
sheets of electrically conductive material, the two sheets 
being spaced apart by a single dielectric substrate. One 20 
of the sheets is etched to provide strip conductors which, 
in cooperation with the other sheet which serves as a 
ground plane, supports a transverse electromagnetic 
(TEM) wave. 

A laminated structure of microstrip components fa- 2s 
cilitates manufacture of antenna assemblies and arrays 
of antenna assemblies on a common substrate. The rel- 
atively simple structure of microstrip permits intercon- 
nection with a variety of physical shapes of electronic 
components, particularly for the excitation of radiators 30 
in an array antenna. This provides great flexibility in the 
layout of the components on a circuit board. 

Laminated structures of dielectric material with 
sheets of metal interposed between the dielectric layers 
or embedded therein are advantageous because of the 35 
ease of manufacture which may employ photolitho- 
graphic techniques. Specific shapes of metallicele- 
ments can be attained by photolithography. This form of 
construction can be used to advantage in the manufac- 
ture of microstrip radiator assemblies for use as single to 
antennas or as antenna elements in an array antenna. 
The antennas may be employed for radar or for commu- 
nications. A linearly polarized antenna is preferred 
where higher output power is required, but circularly po- 
larized radiation is preferred, particularly in mobile com- *s 
munication situations to accommodate changing orien- 
tations between a transmitter and a receiver of a com- 
munication signal. In addition, it is desirable to have dual 
or multiple frequency capability wherein frequency 
bands may be separated, or made contiguous for wide so 
band applications. 

A problem arises in that an antenna assembly in- 
corporating the foregoing construction features has not 
been available for dual or multiple frequency operation 
in cases of linearly and circularly polarized radiation, ss 
The construction of such an antenna assembly or array 
of radiators would be beneficial from a manufacturing 
point of view and because of utility in radar and commu- 



nications. United States Patent No. 4847625 discloses 
a wideband, aperture coupled microstrip antenna com- 
prising a multilayer structure and including a feed layer, 
a ground plane including an aperture therethrough and 
a plurality of tuning layers formed of dielectric material, 
from which the microstrip patch antenna according to 
the preamble of Claim 1 is known. 

European Patent Application No. 0363841 , forming 
prior art only withing the meaning of Article (54)3 EPC, 
discloses an array antenna which includes an array of 
radiators formed as patch antenna elements on a die- 
lectric substrate. An antenna feed system is disposed 
beneath the dielectric substrate. Coupling devices, such 
as orthogonal slots or microwave cross-overs, couple 
microwave power from the feed system to the radiators. 

United States Patent No. 4B43400 discloses a gen- 
erally planar antenna for generating circularly polarised 
electromagnetic signals, particularly at microwave fre- 
quencies. Each antenna element comprises a single ap- 
erture cut in a ground plane. Spaced from the ground 
plane is a planar radiating patch which covers the aper- 
ture. Several elements can be combined to provide a 
large antenna array. 

United States Patent No. 4903033 discloses a mi- 
crowave antenna comprising a stack of radiating ele- 
ments provided on dielectric sheets and fed with micro- 
wave energy by a pair of sources coupled to the radiat- 
ing elements by way of a pair of slots in a ground plane 
element. 

An article in Electronics Letters, Vol.23, No.23, No- 
vember 1987, entitled "Dual Aperture-Coupled Micros- 
trip Antenna for Dual or Circular Polarisation", discloses 
a new method for radiating dual or circular polarisation 
with a printed circuit antenna element. A square micro- 
strip patch on one substrate is coupled to a pair of micro- 
striplines on another substrate via two orthogonal, rec- 
tangular apertures in a common ground plane. Quadra- 
ture excitation of the system results in circularly polar- 
ised radiation. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided a microstrip patch antenna as specified in 
Claim 1. The scope of the present invention also ex- 
tends to an array antenna as specified in Claim 10. 

The foregoing problem is overcome and other ad- 
vantages are provided by a microstrip patch antenna as- 
sembly comprising, in laminated form and in accord- 
ance with the invention, a patch radiator and a feed 
structure of microstrip feed elements disposed on oppo- 
site sides of a ground-plane element. One or more slots 
are employed for coupling electromagnetic power from 
a microstrip feed through the ground-plane element to 
the radiator. The radiator and the feed elements are 
spaced apart from the ground-plane element by layers 
of dielectric material. Different embodiments of the in- 
vention are provided, the differences being in the 
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number of radiators, the shape of a radiator, and the 
number of slots disposed in the ground-plane element. 

A single slot or a pair of orthogonally positioned 
slots may be employed, the single slot being disposed 
between the feed element and an edge of a radiator for s 
exciting a linearly polarized radiation from the radiator. 
A pair of orthogonally positioned slots connected by a 
90 degree hybrid may be employed for generating a cir- 
cularly polarized radiation from a radiator at a specific 
frequency or frequency band. A single radiator or a stack 
of radiators spaced apart by dielectric material may be 
employed. In the case of the stack of radiators, both the 
dimensions of a radiator and the overall thickness of the 
dielectric layers between the radiator and the ground- 
plane element determine a resonant frequency of oper- 
ation of the radiator. 

By way of example, a stack of square-shaped radi- 
ators may be employed with orthogonally positioned 
feed elements, and a pair of orthogonally disposed slots 
in the ground-plane element for coupling microwave 
power from the feed elements to the radiators. By incor- 
porating a hybrid coupler between the feed elements 
and an external source of signal, the two feed elements 
produce circular polarized radiation from each of the in- 
dividual stacked radiators. Microwave power is coupled 
only to the radiator which resonates at the frequency, or 
within the frequency band, of the signal provided by the 
feed elements. By applying a summation of signals at 
differing frequencies, a plurality of the radiators can be 
made to radiate concurrently. 

In an alternative embodiment, the radiator can be 
provided with a rectangular shape rather than a square 
shape. The rectangularly shaped radiator has a short 
side and a long side for producing radiation having a 
correspondingly short and long wavelength. A side of 
the radiator is equal to one-half of the wavelength of the 
electromagnetic wave propagating in the dielectric ma- 
terial. A null of one electric field, produced by a first of 
the slots disposed at one side of a radiator, is located 
on a second side of the radiator in registration with a 
second of the slots so as to enable independent cou- 
pling of microwave power at two different frequencies. 
In the case of a stack of radiators, only the radiators 
which resonate at the specific signal frequencies are ac- 
tive, the other radiators being dormant and acting es- 
sentially transparent to radiations of the active radiators. 
A single slot and a single feed element may be em- 
ployed for linearly polarized radiation. 

BRIEF DESCRIPTION OF THE DRAWING 

The aforementioned aspects and other features of 
the invention are explained in the following description, 
taken in connection with the accompanying drawing 
wherein: 

Fig. 1 is a side elevation view of a patch antenna 
assembly having a rectangularly shaped radiator 



with dual orthogonal slots coupling the radiator to 
feed elements for operation at two frequency 
bands, part of the assembly being cut away to show 
interior components; 

Fig. 2 is an exploded view of the antenna assembly 
of Fig. 1; 

Fig. 3 is a side elevation view of an antenna assem- 
bly having a plurality of square-shaped patch radi- 
ators embedded in layers of dielectric material, the 
assembly including dual orthogonal slots and a feed 
structure incorporating a hybrid coupler for radiating 
circularly polarized waves at a plurality of frequency 
bands, which bands may be contiguous for wide 
band operation, part of the assembly being cut 
away to show interior components; 

Fig. 4 is an exploded view of the assembly of Fig. 3; 

Fig. 5 is an enlarged perspective view of a hybrid 
coupler, shown partially stylized, of a feed structure 
of the assembly of Fig. 3; 

Fig. 6 is an exploded view, similar to the exploded 
view of Fig. 4, for an alternative assembly incorpo- 
rating a single slot for coupling microwave power 
from a feed element to a radiator; 

Fig. 7 shows diagrammatically the electric field in 
one of the two concurrent orthogonal modes devel- 
oped between a patch radiator and a ground plane 
for either of the assemblies of Figs. 1 and 3; 

Fig. 8 shows a stylized perspective view of a phased 
array antenna system constructed of antenna 
assemblies incorporating the invention, the view 
being partially cut away to facilitate a showing of 
components embedded within dielectric layers; and 

Fig. 9 shows a block diagram of beam generation 
and steering circuitry connected to the system of 
Fig. 8 for developing and scanning a beam of radi- 
ation. 

DETAILED DESCRIPTION 

Figs. 1 -6 show various embodiments of a microstrip 
match antenna, each of which is operable at a plurality 
of frequencies and which may be employed in the con- 
struction of an array antenna disclosed in Fig. 8. In each 
embodiment of the invention, there is a radiator spaced 
apart from a ground plane by a dielectric layer, an ar- 
rangement which is convenient for the construction of 
the array antenna wherein the ground-plane element is 
shared as a common ground plane among a plurality of 
antenna elements. 

With respect to embodiments of the invention em- 
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ploying a plurality of radiating elements arranged in a 
stack and spaced apart by dielectric layers, each of 
these antennas is suitable for use as an antenna ele- 
ment in the array antenna wherein the various dielectric 
layers extend transversely through each of the antenna 5 
elements, and wherein individual levels of the stacked 
radiators of the antenna elements are embedded be- 
tween contiguous layers of the dielectric. A description 
of each of the antenna embodiments is presented now 
in further detail. 

With reference to Figs. 1 and 2, there is shown an 
antenna 20 constructed in accordance with a first em- 
bodiment of the invention, the antenna 20 comprising a 
planar ground element 22, a radiator 24 in the form of a 
planar metallic sheet disposed parallel to the ground el- 
ement 22, a microstrip feed 26 disposed parallel to the 
ground element 22 and located on a side thereof oppo- 
site the radiator 24, a first dielectric layer 28 of suitable 
electrically-insulating dielectric material disposed be- 
tween and contiguous to the ground element 22 and the 
feed 26, and a second dielectric layer of suitable elec- 
trically-insulating dielectric material disposed between 
and contiguous to the ground element 22 and the radi- 
ator 24. The radiator 24 has a rectangular shape, and 
is bounded by two opposed long sides 32 and 34 and 
two opposed short sides 36, and 38 which join with the 
long sides 32 and 34 to form four comers 40 of the ra- 
diator 24. 

Electromagnetic power to be radiated from the an- 
tenna 20 is applied to the antenna 20 by the feed 26, 
and coupled from the feed 26 to the radiator 24, via a 
slot assembly 42 comprising two slots 44 and 46 formed 
within and passing completely through the ground ele- 
ment 22. The two slots 44 and 46 are oriented perpen- 
dicularly to each other, and are spaced apart from each 
other to inhibit coupling of electromagnetic signals be- 
tween each other. The slots 44 and 46 are perpendicu- 
lar, respectively, to the long side 32 and the short side 
36 of the radiator 24. The slot 44 is located mainly un- 
derneath the radiator 24 with an end portion extending 
beyond the perimeter of the radiator 24. The term "un- 
derneath" is used in reference to the portrayal of the an- 
tenna 20 in Figs. 1 and 2, and does not refer to the actual 
orientation of the antenna 20 which, in practice, may be 
mounted vertically, sideways, or any other convenient 
orientation. The end portion of the slot 44 extending be- 
yond the long side 32 is approximately one-third to one- 
quarter of the total length of the slot 44. Similarly, the 
slot 46 is disposed mainly beneath the radiator 24 with 
an end portion of the slot 46 extending beyond the pe- 
rimeter of the radiator 24. The end portion of the slot 46 
extending beyond the short side 36 of the radiator 24 is 
approximately one-third to one-quarter of the total 
length of the slot 46. 

The feed 26 comprises two electrically conductive 
microstrip feed elements 48 and 50 each of which has 
an elongated shape, the feed elements 48 and 50 ex- 
tending respectively to, and slightly beyond, the slots 44 



and 46. The end of each of the feed elements 48 and 
50 is in the form of a stub located beneath and perpen- 
dicularly to the slots 44 and 46, respectively. With this 
arrangement of the feed elements 48 and 50 and the 
slots 44 and 26, a transverse electromagnetic (TEM) 
wave traveling along a feed element induces an electric 
field in the corresponding slot, the electric field extend- 
ing transversely to the long dimension of the slot. In ad- 
dition, the electric field in each slot radiates upwardly to 
the radiator 24 and, at a resonant frequency of the radi- 
ator 24, couples microwave power from a feed element 
to the radiator. Thus, a substantial amount of power can 
be coupled from a feed element via its slot to the radiator 
24 in a frequency band centered at the resonant fre- 
quency of the radiator 24, there being essentially no 
power coupledfrom the feed element to the radiator at 
frequencies outside the resonant frequency band. 

In accordance with a feature of the invention, the 
radiator 24 resonates at two different frequencies. The 
resonant frequencies are dependent on the configura- 
tion of the radiator 24, and on the thickness and the di- 
electric constant of the second dielectric layer 30. Since 
the radiator 24 is configured as a rectangular metallic 
sheet having both long sides and short sides, the long 
sides 32 and 34 provide for radiation at a resonant fre- 
quency of relatively long wavelength, while the short 
sides 36 and 38 provide for radiation at a resonant fre- 
quency of relatively short wavelength. In the event that 
the radiator 24 were to have a square shape, then, ra- 
diation at only one resonant frequency would be avail- 
able. However, by introducing even a relatively small dif- 
ference in length between the long sides and the short 
sides, two different resonant frequencies are available. 
Assuming that the frequency bands of radiation cen- 
tered at the two resonant frequencies overlap, then the 
effect of utilizing the rectangular configuration, rather 
than the square configuration, is to broaden the band of 
frequencies at which radiation can be obtained. In the 
event that a relatively large difference in length is pro- 
vided between the long sides 32, 34 and the short sides 
36, 38, then two separate frequency bands of radiation 
are provided by the antenna 20. The signals to be radi- 
ated in the separate frequency bands are provided sep- 
arately by respective ones of the feed elements 48 and 
50. 

Further description on the development of the elec- 
tromagnetic fields of the radiations at the different fre- 
quency bands will be provided hereinafter with refer- 
ence to Fig. 7, the description of Fig. 7 being applicable 
to all of the embodiments of the invention disclosed in 
Figs. 1-6. Furthermore, it is noted that, while the descrip- 
tion is provided in terms of exciting an antenna by means 
of the feed for radiating a beam, the antennas in each 
of the embodiments of Figs. 1-6 operate reciprocally 
wherein radiation received by a receiving beam produc- 
es output signals at the feed. Accordingly, the descrip- 
tion in terms of generating an outgoing beam of radiation 
is provided for convenience in describing the invention, 
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and applies equally well to the reception of an incoming 
beam of radiation. 

With reference to Figs. 3 and 4, there is shown an 
antenna 52 which is a second embodiment of the inven- 
tion. The antenna 52 is constructed in a similar fashion s 
to that of the antenna 20 of Figs, 1 and 2, but includes 
further radiators and a modified structure of the feed. As 
shown in Figs. 3 and 4, the antenna 52 comprises a pla- 
nar ground element 54 and a radiator assembly 56 com- 
prising a plurality of radiators each of which is composed io 
of athin metallic sheet. There may be two, three, or more 
of the radiators in the assembly 56. By way of example, 
the radiator assembly 56 is portrayed as having three of 
the radiators, namely, a first radiator 58, a second radi- 
ator 60, and a third radiator 62 all of which are oriented is 
parallel to the ground element 54. 

The antenna 52 further comprises a feed 64 com- 
prising two microstrip feed elements 66 and 68 and a 
hybrid coupler 70 which joins together the feed elements 
66 and 68. The feed 64 lies in a plane parallel to and 20 
spaced apart from the ground element 54. The antenna 
52 further comprises a first dielectric layer 72 disposed 
between and contiguous to the ground element 54 and 
the feed 64. The first, the second, and the third radiators 
58, 60, and 62 are spaced apart from each other and 
from the ground element 54. The antenna 52 includes 
a second dielectric layer 74, a third dielectric layer 76, 
and a fourth dielectric layer 78 which are disposed be- 
tween and are contiguous to, respectively, the ground 
element 54 and the first radiator 58, the first radiator 58 
and the second radiator 60, and the second radiator 60 
and the third radiator 62. The material employed in each 
of the dielectric layers 72, 74, 76, and 78 is selected to 
have a suitable dielectric constant and to provide suita- 
ble electrical insulation. The thicknesses of individual 
ones of these layers are selected to provide for desired 
impedance and for desired radiation characteristics. 

Each of the radiators 58, 60, and 62 is provided with 
a square configuration. Coupling of electromagnetic 
power from the feed 64 to the radiators 58, 60, and 62 
is provided by an aperture or slot assembly 80 formed 
within the ground element 54. The slot assembly 80 
comprises a pair of coupling slots 62 and 84 disposed 
in registration respectively with the feed elements 66 
and 68. The slots 82 and 84 are spaced apart from each 
other, and are oriented perpendicularly to each other to 
provide for an orthogonal coupling of electromagnetic 
signals from the feed element 66 and 68 to the radiator 
assembly 56. The radiators of the assembly 56 are ap- 
proximately equal in size so as to resonate at approxi- 
mately the same frequencies, the resonant frequencies 
of the individual radiators being different from each other 
so as to provide for a broadened bandwidth of radiation 
from the assembly 56, the band width of radiation being 
greater than that obtainable from a single radiator. 

It is noted that if all three of the radiators of the as- 
sembly 56 were to be equal in size, there would be dif- 
ferences in the respective frequencies of radiation be- 



cause the amount of spacing between each radiator and 
the ground element 54 affects the resonant frequency 
of a radiator as does the dimensions of the radiator. If 
desired, in the construction of the radiator assembly 56, 
the thicknesses of the second, the third, and the fourth 
dielectric layers 74, 76, and 78 can be made to vary or 
can be made equal as a matter of convenience in se- 
lecting the desired resonant frequency of the radiators 
58, 60, and 62, and as a convenience in selecting the 
radiation impedance and bandwidth. In addition, the 
physical sizes of the radiators, 58, 60, and 62 are se- 
lected to facilitate the obtaining of the desired resonant 
frequency. Typically, the first radiator 58 is fabricated 
with the smallest dimensions and the third radiator 62 is 
fabricated with the largest dimensions. 

The slots 82 and 84 are fabricated each with a lon- 
gitudinal form having long sides and narrow ends, the 
length of a side being much longer than the length of an 
end. The slots 82 and 84 are each positioned with an 
inner end extending beneath the three radiators 58, 60, 
and 62, and with an outer end extending beyond the 
edges of the radiators 58, 60, and 62. The portion of 
each of the slots 82 and 84 extending beyond the radi- 
ators 58, 60, and 62 is in the range of approximately 
one-quarter to one-third the total length of the slot. Each 
of the radiators 58, 60, and 62 are oriented with their 
respective sides being parallel to each other. Each of 
the slots 82 and 84 is oriented with the long sides per- 
pendicular to the respective sides of the radiators 58, 
60, and 62, and perpendicular also to end portions or 
stubs of the respective feed elements 66 and 68. The 
stubs of the feed elements 66 and 68 extend beneath 
the respective slots 82 and 84 for coupling electro mag- 
netic power through the slots at the respective resonant 
frequencies of the radiators 58, 60, and 62 for exciting 
respective ones of the radiators 58, 60, and 62 at their 
resonant frequencies. 

A feature of the invention is attained in the excitation 
of the radiators 58, 60, and 62 independently of each 
other by use of the feed 64 and the slot assembly 80. 
By way of example, at the resonant frequency of the 
third radiator 62, the other radiators, namely, the first 
and the second radiators 58 and 60, are dormant and 
transparent in their electromagnetic operations so as to 
allow the third radiator 62 to operate free of influence of 
the presence of the first and the second radiators 58 and 
60. Similarly, at the resonant frequency of the second 
radiator 60, electromagnetic power can be coupled from 
the feed 64 via the slot assembly 80 to the second radi- 
ator 60 to produce a beam of radiation therefrom without 
any significant effect of the presence of the first and the 
third radiators 58 and 62. Similar comments apply to the 
coupling of radiation at the resonant frequency at the 
first radiator 58 from the feed 64 via the slot assembly 
80 to the first radiator 58. The radiation pattern of the 
first radiator 58 is essentially independent of the pres- 
ence of the other radiators 60 and 62. 

The slots 82 and 84 of Fig: 4 function in the same 
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fashion as do the slots 44 and 46 of Figs. 1 and 2. How- 
ever, in Fig. 4 , the frequencies of the signals coupled 
by the stub ends of the feed elements 66 and 68 via the 
slots 82 and 84 to the radiator assembly 56 are of equal 
frequency. If the signals differ in phase by 90 degrees, s 
a phase quadrature relationship, this phase relationship 
is suitable for the generation of a circularly polarized 
wave of radiation from any one of the radiators of the 
radiator assembly 56. In a situation of interest, each of 
the feed elements 66 and 68 carries a set of plural sig- 
nals simultaneously, the signals of the set being at three 
different frequencies corresponding to the resonant fre- 
quencies of the radiators 58, 60, and 62. Thereby, the 
radiator assembly 56 can generate a broad-bandwidth 
beam of radiation in the case wherein the bandwidth of 
the signals of the individual radiators 58, 60, and 62 
overlap, or three separate frequency bands in the case 
wherein the resonant frequencies are sufficiently far 
apart such that the respective frequency bands do not 
overlap. 

The quadrature relationship of the signals of the 
feed elements 66 and 68 is provided by the hybrid cou- 
pler 70. By way of example, a first input port 86 of the 
hybrid coupler 70 may be coupled to a signal source 88, 
and a second input port 90 of the hybrid coupler 70 may 
be coupled to a matched load 92. The signal source 88 
applies the signal or set of signals to the coupler 70 to 
be radiated by the antenna 52, and the matched load 
92 receives any reflections which may be presented by 
the stub ends 94 and 96 of the feed elements 66 and 
68, respectively. This is in accordance with the well- 
known operation of a hybrid coupler. The coupler 70 di- 
vides the power evenly and with quatrature phase be- 
tween the feed elements 66 and 68 to provide for a cir- 
cularly polarized wave. In the event that the coupler 70 
was configured for an unequal division of power among 
the feed elements 66 and 68, then an elliptically polar- 
ized wave would be radiated from the antenna 52. 

Fig. 5 presents a detailed plan view of the hybrid 
coupler 70 of Figs, 3 and 4. As shown in Fig. 5, the cou- 
pler 70 includes a front cross arm 98 and a back cross 
arm 100 each of which has a width which is less than 
the width of either of the feed elements 66 and 68. The 
coupler 70 further comprises two sidearms 102 and 104, 
the sidearm 102 extending between the input port 86 
and the feed element 66, and the side arm 104 extend- 
ing between the input port 90 and the feed element 68. 
The side arms 1 02 and 1 04 are joined by the cross arms 
98 and 100. The side arms 102 and 104 have a width 
which is greater than the width of either of the feed ele- 
ments 66 and 68. 

By way of example, in the construction of the hybrid 
coupler 70 with a specific dielectric layer, such as 4 mil 
thick alumina, the width of the feed element 66 and of 
the feed element 68, dimension A in Fig. 5, are each 
equal to 3.7 mils, this being equal also to the width of 
the input ports 86 and 90. The width of the crossarms 
98 and 100, dimension B in Fig. 5, is 1 .6 mils. The width 



of each of the sidearms 102 and 104, dimension C in 
Fig. 5, is 17.7 mils. The lengths of the cross arms 98 
and 100 are selected to introduce a phase shift of 90 
degrees, at the specific frequency of operation, to radi- 
ations propagating along the sidearms 98 and 1 00. The 
sidearms and the cross arms each have the same depth 
because they are formed by photolithography from a 
sheet of metal of uniform thickness deposited on the first 
dielectric layer 72. The thickness is at least three skin 
depths at the radiation frequency. The foregoing dimen- 
sions are accomplished by developing the microstrip 
coupler on a dielectric slab having a thickness of 4 mils. 
In the event that a thicker dielectric layer, such as a con- 
ventional thickness of 25 mils, were employed, then the 
foregoing dimensions of the widths of the elements of 
the hybrid coupler would be enlarged by a scale factor 
of 25/4. The differences in the widths of the cross arms 
and the sidearms provides for differences in impedance 
presented to electromagnetic waves propagating at the 
input ports 86 and 90 to provide for the desired split in 
power while providing the phase quadrature relationship 
to signals outputted from the coupler 70 via the feed el- 
ements 66 and 68. The dimensions of the coupler com- 
ponents are scaled, as is well known, to operate at an- 
other frequency. 

Fig. 6 shows an antenna 106 which comprises the 
same components as the antenna 52 of Figs. 3 and 4, 
except that the slot assembly 80 of the antenna 52 is 
replaced with a single slot 108 in the antenna 106 and, 
furthermore, that the feed 64 of the antenna 52 is re- 
placed with a single microstrip feed conductor 11 0 in the 
antenna 106. The slot 108 has the same dimensions as 
the slot 84 of the antenna 52. The slot 108 is centered 
with respect to the common center of projected radiators 
58, 60, and 62 and does not extend beyond the radiators 
58, 60, and 62 in the same fashion as was described 
previously with respect to the slot 84. The slot 108 is 
perpendicular to an end region, or stub, of the feed con- 
ductor 110. Coupling of microwave power from the feed 
conductor 1 1 0 via the slot 1 08 to radiators of the radiator 
assembly 56 in Fig. 6 operates in the same fashion as 
was disclosed with respect to the slot 84 of Fig. 4. The 
primary difference in operation of the antenna 96 of Fig. 
6, as compared to the operation of the antenna 52 of 
Fig. 4, is that the antenna 1 06 provides linearly polarized 
radiation while the antenna 52 provides for circularly po- 
larized radiation. The selection of resonant frequencies 
and bandwidth of electromagnetic power radiated from 
the antenna 106 of Fig, 6 is accomplished in the same 
fashion as was disclosed for the antenna 52 of Fig. 4. 

Fig. 7 shows diagrammatically an antenna 1 1 2 com- 
prising a top electrically conductive sheet serving as a 
radiator 114, a bottom electrically conductive sheet 
serving as a planar ground element 116 disposed par- 
allel to the radiator 114, and a slab 118 of a dielectric, 
electrically-insulating material disposed between and 
contiguous to the radiator 114 and the ground element 
1 1 6. The antenna 1 1 2 is provided as an aid in explaining 
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the operation of the various embodiments of the inven- 
tion disclosed in Figs. 1-6. The slab 118 is shown in 
phantom because it is to represent one or more of the 
dielectric layers of Fig. 4 or the single dielectric layer of 
Fig, 2. Electromagnetic power for activating the radiator s 
114 is provided by feed elements (not shown in Fig, 7) 
coupled via slots 1 20 and 1 22 which are disposed in the 
ground element 116 and extend completely through the 
ground element 116. The slots 120 and 122 are ar- 
ranged perpendicularly to each other and spaced apart 
from each other. Ends of the slots 120 and 122 extend 
beyond, and perpendicularly to corresponding edges of 
the radiator 1 1 4 as has been disclosed previously in the 
construction of the slots of Figs. 2 and 4. The feed ele- 
ments to be employed in Fig. 7 may be feed elements 
48 and 50 of Fig. 2, or the feed elements 66 and 68 of 
Fig. 4. The electric field distribution, in one of the two 
concurrent orthogonal modes, shown as a set of electric 
vectors, E, are superposed upon the surface of the slab 
1 1 8. The electric field vectors, E, located on the far side 
of the slab 118 are shown in phantom arrows while the 
electric field vectors E on the near side of the slab 118 
are shown in solid arrows. The antenna 112 of Fig. 7 is 
understood to include also a dielectric layer (not shown) 
disposed beneath the ground element 116 and support- 
ing the aforementioned feed elements. 

To employ the antenna 112 of Fig. 7 for describing 
the operation of the antenna 20 of Fig. 2, it is assumed 
that the radiator 114 represents the radiator 24, that the 
slab 118 represents the dielectric layer 30, that the 
ground element 116 represents the ground element 22, 
and that the slots 120 and 122 represent the slots 44 
and 46. The feed element 48 is understood to energize 
the slot 120 of Fig. 7 as the slot 44 of Fig. 2. Similarly, 
the feed element 50 is understood to energize the slot 
122 of Fig. 7 as slot 46 of Fig. 2. 

Upon energization of the slot 122 with electromag- 
netic power from the feed element 50, the electric field 
extending transversely across the slot 122 induces a 
resonant electric field represented by the vectors E, the 
vectors E extending perpendicularly from the ground 
plane of the element 116 to the edges of the radiator 
114. With reference to the radiator 24, the electric field 
is portrayed as extending upward to the long side 32 
and downward from the long side 34. On the left half of 
the short side 36 and of the short side 38, the electric 
field extends in the upward direction while, on the right 
half of the short side 36 and of the short side 38, the 
electric field extends in the downward direction. The 
electric field at the long side 32 and at the long side 34 
is of uniform amplitude. The electric field at the short 
side 36 and at the short side 38 varies in amp litude along 
a substantially sinusoidal curve wherein the peak am- 
plitude is attained in the vicinity of a comer 40 of the 
radiator 24, and decreases to zero at a midpoint of the 
short side 36 and of the short side 38, and then increas- 
es in the negative sense to attain a peak value at the 
opposite corner 40 of the radiator 24. 



As has been noted, the foregoing electric field has 
been excited by electromagnetic power fed through the 
slot 122 at the frequency of a resonant mode of opera- 
tion of the radiator 24. In this resonant mode, a wave- 
length of the radiation is determined by the geometry of 
the radiator 24 and the thickness and the dielectric con- 
stant of the slab 118. As measured within the slab 118, 
one half the wavelength extends the length of the short 
side 36. 

A feature of the invention is the fact that the slot 1 22 
is positioned at a null in the strength of the electric field 
induced by radiation from the slot 120. The location of 
the slot 120 is at the center of the long side 32 of the 
radiator 24 so that, upon excitation of the electric field 
by use of the slot 1 22, the null in the electric field appears 
at the location of the slot 1 20. This assures that there is 
no coupling between radiation of the slot 120 and radi- 
ation of the slot 1 22. Furthermore, this assures that the 
two slots 120 and 122 can be operated independently 
of each other to induce separately electromagnetic 
fields between the radiator 114 and the ground plane 
provided by the element 116. In the resonant mode of 
radiation excited by use ol the slot 120, one-half wave- 
length of the radiation, as measured within the material 
of the slab 18 is equal to the length of the long side 32. 
Therefore, as has been noted hereinabove, a slight dif- 
ference in length between the short sides and the long 
sides of the radiator 24 results in a broadening of the 
available signal spectrum to be radiated by the antenna 
20 or 112 because the bandwidths of the signals of the 
slots 120 and 122 overlap. However, a relatively large 
difference in the lengths of the long sides and the short 
sides of the radiator 24 would separate the the spectra 
of the two signals so as to provide for two separate fre- 
quency bands of radiation. 

With respect to the operation of the antenna 52 of 
Fig. 4, the antenna 112 of Fig. 7 is employed with the 
radiator 114 representing one of the radiators of the ra- 
diator assembly 56 of Fig. 4. By way of example, for pur- 
poses of explaining the operation of the antenna 52, the 
radiator 114 of Fig. 7 is assumed to represent the radi- 
ator 60 of Fig. 4, the slab 118 represents the composite 
thickness of both dielectric layers 74 and 76 of Fig. 4, 
and the ground plane provided by the ground element 
116 represents the planar ground element 54 of Fig. 4. 
The slots 82 and 84 correspond in the operation to the 
slots 120 and 122. 

The foregoing description of the operation of the an- 
tenna of Fig. 2 applies generally to the operation of the 
antenna 52 of Fig. 4. Thus, with respect to the radiator 
60, the slot 82 or 120 provides an electric field distribu- 
tion as disclosed in Fig. 7, wherein the field lines begin 
at the ground element 116 and extend to the edges of 
the radiator 114, this corresponding to an electric field 
distribution in Fig. 4 extending from the ground element 
54 to the radiator 60. 

In accordance with a feature of the invention, it is 
noted that in this description of the generation of the 
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electric field distribution from the slot 1 20 or 82, the pres- 
ence of the radiator 58 has been found to have no sig- 
nificant effect on the radiation pattern and on the electric 
field distribution. Therefore, as has been noted herein- 
above, the radiator 58 may be regarded as being dor- s 
mant when not excited by radiation at its resonant fre- 
quency, and as being transparent to radiation generated 
at the resonant frequencies at another one or ones of 
the radiators of the radiator assembly 56 in the sense 
that the excitation of the electric field of the radiator 60 
is apparently unaffected by the presence of the radiator 
58. The aspect of transparency has been observed in 
experimental models of the invention. The frequency of 
the resonant mode is based on the total thickness of the 
slab 118 which, in this case, is equal to the total thick- 
nesses of the two dielectric layers 74 and 76 which are 
disposed between the radiator 60 and the ground ele- 
ment 54. Furthermore, the presence of the radiator 62 
above the radiator 60 has been found experimentally to 
have essentially no effect on the frequency and electric 
field distribution of the resonant mode in the excitation 
of the radiators 60 or 114 via the slot 82 or 120. 

Similar comments apply to the excitation of the ra- 
diator 60 via the slot 84 because the slots 82 and 84 are 
located at the midpoint of the sides of the radiator 60 so 
as to be located at nulls of the electric field distribution 
provided by the other one of the slots. Therefore, two 
separate electric field distributions can be reduced in- 
dependently of each other. In the embodiment of Fig. 4, 
the radiators are square so that the two resonant modes 
are at the same frequency. As has been explained here- 
inabove, the signals provided by the slots 82 and 84 are 
in phase quadrature so as to produce the circularly po- 
larized electromagnetic radiation which radiates from 
the radiator 60. 

Similar comments apply to excitation of the radiator 
62 or the radiator 58 by the slots 82 and 84. Excitation 
of either of these two radiators 62 and 58 occurs inde- 
pendently of excitation of any of the other radiators of 
the assembly 56. Thereby, circularly polarized radiation 
at three separate frequency bands' is obtainable. If the 
resonant frequencies are relatively close together, then 
the spectra of the separate signals overlap to provide 
for a broad bandwidth signal radiation characteristic to 
the antenna 52. If the frequencies of the resonant modes 
are spaced widely apart, then there is no overlap of the 
spectra of the signals radiated by the separate radiators 
of the assembly 56 with the result that three signal spec- 
tra, separated in frequency, are radiated from the anten- 
na 52 of Fig. 4. 

With reference to the embodiment of the antenna 
1 06 represented in Fig. 6, it is noted that the geometrical 
relationship among the antenna components is the 
same as that of the antenna 52 of Fig. 4. In lieu of the 
two slots 82 and 84 of Fig. 4, or the two slots 120 and 
122 of Fig. 7, the antenna 106 of Fig. 6 has only the 
single slot 108, this corresponding to the slot 1 22 Of Fig. 
7. As noted hereinabove, the slot 108 is excited by the 



microstrip feed element 1 1 0 in the same fashion that the 
slot 84 (Fig. 4) is energized by the feed element 68. 
Therefore, the description of operation provided by com- 
parison of Figs. 7 and 4 applies also to the operation of 
the antenna 106 of Fig. 6. The difference between the 
operations of the antenna 52 of Fig. 4 and the antenna 
106 of Fig. 6 is that, since only one of the slots 120 and 
122 of Fig. 7 is energized, only one of the electric field 
distributions results. Therefore, the antenna 1 06 can op- 
erate at the plurality of frequencies, but with only a linear 
polarization. The frequency bands of the signals radiat- 
ed by the antenna 106 may be separated, or may be 
overlapped to provide for a broad-bandwidth radiation 
characteristic. 

Fig. 8 shows an array antenna 124 which comprises 
a plurality of antenna elements 126 arranged in a two- 
dimensional array of rows and columns. Each of the an- 
tenna elements 126 may be constructed in accordance 
with the embodiment of the antenna 20 of Figs. 1 and 
2, the antenna 52 of Figs. 3 and 4, or the antenna 106 
of Fig. 6. By way of example, the antenna 52 of Figs. 3 
and 4 is employed for each of the antenna elements 1 26. 
In the construction of the elements 126, the dielectric 
layers 72, 74, 76, and 78 and the ground element 54 of 
Fig. 4 are shared among all of the antenna elements 
126 of Fig. 8. The third radiator 62, at the top of the an- 
tenna 52 of Fig. 4, appears at the top of each of the an- 
tenna elements 126. A comer portion of the second ra- 
diator 60 and the first radiator 58 appear in a cutaway 
portion of the array antenna 124. Also shown through 
the cutaway portion of the dielectric layers and through 
a cutaway portion of the ground element are portions of 
the feeds 66 and 68. An electric circuit 128, indicated in 
a further cutaway portion at the antenna 124 is con- 
structed within the first dielectric layer 72 by photolitho- 
graphic techniques, the circuit 128 being coupled to 
each of the antenna elements 126 by their respective 
feed elements 66 and 68. By way of example, the circuit 
128 may include amplifiers and phase shifters, as will 
be described hereinafter, for applying signals to be ra- 
diated from the antenna element 126. Alternatively, the 
electric circuit 128 may include a receiver connected via 
feed 1 30 to each of the respective antenna elements 
126 for receiving an incoming signal. In the present ex- 
ample, wherein the antennas 52 of Fig. 4 are employed 
for the elements 126, each of the feeds 130 is under- 
stood to comprise the elements 66 and 68. In the event 
that the antenna 1 06 of Fig. 6 is employed, then the feed 
130 would comprise a single microstrip feed conductor 
110. In the case wherein the antenna 20 of Fig. 2 is em- 
ployed for each of the antenna elements 126, the feed 
130 would be formed as the feed 26. The cutaway por- 
tions of the array antenna 124 also show how compo- 
nents of the elements 126, particularly the first and the 
second radiators 58 and 60 are fully embedded along 
interfacing surfaces between the dielectric layers 74 and 
76 and the dielectric layers 76 and 78. The electric circuit 
128 may be formed as one or more integrated circuits 
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formed by photolithography during the construction of 
the array antenna 124. 

Fig. 9 shows a possible construction of the electric 
circuit 128, this construction being by way of example. 
It is to be understood that the electric circuit 128 may s 
comprise only amplifiers and phase shifters for adjusting 
a gain and phase of respective ones of the antenna el- 
ements 1 26, with control circuitry of the amplifiers and 
the phase shifters being located at a site remote from 
the array antenna 124 with suitable interconnections of 
the remote circuitry being made to the amplifiers and the 
phase shifters which are formed as integrated circuit 
components of the electric circuit 128. Alternatively, if 
desired, it is possible to include additional components 
of a transmission or reception system within the electric 
circuit 128. The latter alternative is shown in Fig. 9. 
wherein the electric circuit 128 comprises a signal gen- 
erator 132, a power splitter 134, a set of variable-gain 
amplifiers 1 36, a set of digitally controlled phase shifters 
1 38, a set of transmit receive (TR) circuits 140, a receiv- 
er 142, a memory 144 such as a read-only memory in- 
cluding a portion for storage of gain control signals and 
a portion for storage of phase control signals, and an 
address unit 1 46 for addressing the memory 1 44 to gen- 
erate and to scan an electromagnetic beam 148 of pro- 
duced by the antenna elements 1 26. The beam 1 48 may 
be a transmitted beam transmitting a signal provided by 
the generator 132, or a receiving beam for reception of 
a signal by the receiver 1 42. 

In operation, for the transmission of a signal via the 
beam 148, the signal generator 1 32 generates an elec- 
tromagnetic signal which is split by the power splitter 
134 and applied via the amplifiers 136 to each of the 
feeds 1 30 of the respective antenna elements 1 26. The 
amplifiers 136 are coupled to the respective feeds 130 
by the phase shifters 138 and the TR circuits 140. The 
amplifiers 136 are responsive to gain control signals 
stored within the memory 144 for adjusting the gains of 
the signals of the various antenna elements 1 26 to pro- 
duce a desired amplitude taper to an electromagnetic 
wave radiated from the array of elements 126, thereby 
to form better the radiation pattern of the beam 148. The 
phase shifters 1 38 operate in response to digital phase 
control signals stored within the memory 1 44 for forming 
the beam 148 and for steering the beam in a desired 
direction relative to the array of elements 1 26. By oper- 
ating the address unit 146, the memory 144 can be ad- 
dressed successively to provide for updating of the gain 
and the phase control signals for reforming and for 
steering the beam 148. The TR circuits 140 operate in 
a well-known fashion to allow the transmitted signal to 
enter the feeds 130 without affecting the operation of 
the receiver 1 42 during a transmission of signals via the 
beam 148. The TR circuits 140 are operative to direct 
signals received by the beam 148 to the receiver 142. 
While the components of the receiver 1 42 are not shown 
in Fig. 9, it is to be understood that the components may 
include a set of phase shifters and a set of amplifiers, 



such as that shown for the transmitting mode of the cir- 
cuit 1 28forforming and for steering the beam 1 48 during 
reception of incoming signals. 

With respect to the construction of each of the an- 
tenna elements 1 26, the radiators at the top of each el- 
ement are portrayed, by way of example, as having a 
square shape as do the radiators 62 of Fig. 4. However, 
the feed 64 of Fig. 4 is operative also with a radiator of 
a different shape, for example, a circular radiator (not 
shown) which might be employed in the antenna ele- 
ments 126 of Fig. 8. 

With respect to the thickness of the dielectric layers 
74, 76 and 78 of Fig. 4, a greater distance between a 
patch radiator and the ground plane produces an in- 
crease in bandwidth to the signal radiated from the an- 
tenna 52. Therefore, the radiator 62 at the top of the 
radiator assembly 56 provides a greater bandwidth to 
signals radiated from the antenna 52 than does the low- 
er radiator 60 or 58. With respect to the use of the an- 
tennas 52 as elements 1 26 of the array antenna 1 24 (in 
Fig. 8), the dielectric layers 74, 76, and 78 should have 
a thickness less than 0.078 wavelength to prevent the 
generation of surface waves traveling along a dielectric 
layer. These surface waves are undesired in the array 
antenna 124 because, at a slanting scan angle of the 
beam 148 (Fig. 9), the velocity of the surface wave can 
be the same as the velocity of the transmitted wave, in 
which case there is a coupling of power from the trans- 
mitted wave to the surface wave with a consequent loss 
of power transmitted from the array antenna 1 24. 

The material of the dielectric layers 74, 76, and 78 
of Fig. 4 may be composed of a blend of glass fibers 
and a polyfluorinated hydrocarbon, such as a blend of 
glass fibers and Teflon which is marketed under the 
name of Duroid. By way of example in the construction 
of the dielectric layers, construction with the foregoing 
Duroid results in a dielectric constant of 2.2. As a further 
example of the dielectric material, fused silica results in 
a dielectric constant of 3.6, and use of alumina or gallium 
arsenide provides a dielectric constant of 10.0 or 12.8, 
respectively. It has been found that the use of a dielectric 
layer with a lower dielectric constant provides for in- 
creased power of the radiated signal. Therefore, in the 
space between the ground element 54 and the radiating 
element 58, as well as in the spaces between the ground 
element 54 and the radiators 60 and 68, it is preferred 
to use the Duroid or the fused silica. However, in the 
dielectric layer 72 located beneath the ground element 
54, it is preferable to use a material which serves as a 
substrate for the construction of semiconductor circuitry 
such as alumina, and particularly gallium arsenide. 

By way of example in the construction of the radia- 
tors of Figs. 2 and 4, the side of a radiator measures 
approximately one-half inch for C-band radiation. The 
side of a radiator has a length which is approximately 
50 per cent longer than the length of one of the slots 44, 
46, 82, and 84. Differences in the length of the edges of 
radiators of the assembly 56 are on the order of approx- 
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imately 1 - 2 per cent, typically. A length of a slot is typ- 
ically on the order of less than 20 per cent of a free- 
space wavelength, a value of 0.178 wavelength having 
been employed. The width of a slot is much narrower 
than the length, the ratio of the length to the width being 
approximately 7:1. With respect to the positioning of 
the end portions of the feed element 66 and 68 relative 
to slots 82 and B4 in Fig, 4, the stubs 94 and 96 extend 
beyond the slots a distance of approximately one-quar- 
ter free-space wavelength, an extension of 0.22 wave- 
length having been employed in the construction of an 
embodiment of the invention. 

By way of further example in the selection of thick- 
ness of the dielectric layers of the various embodiments 
of Figs. 1 -6, at 7.0 GHz, at a thickness of 25 mils of fused 
silica dielectric material, a bandwidth of 2.5 per cent is 
attained, for example, with the antenna 20 of Fig. 2. By 
way of further example, if the thickness of the dielectric 
material is increased to 50 mils, the bandwidth is in- 
creased to 5.8 per cent. At a thickness of 75 mils, the 
bandwidth is 10.3 per cent. And at a thickness of 100 
mils and 125 mils, the bandwidth is 16.6 per cent and 
25.4 per cent, respectively. 

With respect to the inclusion of the circuitry of Fig. 
9 as the electric circuit 128 in Fig. 8, the circuitry 128 
being formed directly within the first dielectric layer 72, 
it is noted that the physical size of the feeds 1 30 can be 
reduced by increasing the dielectric constant of the layer 
72. For example, in the case of the gallium arsenide em- 
ployed in a preferred embodiment of the invention, the 
dielectric constant has a value of 12.8 which reduces 
the physical size of the feeds 1 30, as compared to the 
use of an air dielectric, by a factor of the square root of 
the dielectric constant, the size reduction factor being 
approximately 3.6. 

A further feature in the construction of Fig. 8 is that 
the extension of the ground element 54 among ail of the 
antenna elements 126 effectively shields the radiators 
of the respective antenna elements 126 from any elec- 
trical noise which may be generated within the electric 
circuit 128. Also, the use of the aperture coupling, 
wherein slots are constructed within the ground element 
54 at the site of each of the antenna elements 126, fa- 
cilitates manufacture of the array antenna 124. 

It will be understood, of course, that the present in- 
vention has been described above purely by way of ex- 
ample and that modifications may be made within the 
scope of the appended claims. 



Claims 



1. A microstrip patch antenna (20) comprising: 
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said ground-plane element (22); 

feed means (26) disposed on a side of said first 
dielectric layer (28) opposite said ground-plane 
element (22) for applying signals at plural fre- 
quencies to said antenna (20); 

patch radiator means (24) disposed on a sur- 
face of said second dielectric layer (30) oppo- 
site said ground-plane element (22); and 

slot means (42) disposed in said ground-plane 
element (22) in registration with said feed 
means (26), a portion of said slot means (42) 
extending beyond an edge of said radiator 
means (24) to couple radiation for exciting said 
radiator means (24) at said plural frequencies; 
and 

wherein said radiator means (24) resonates at 
each of said plurality of frequencies, said radi- 
ator means (24) providing a common radiating 
aperture of said antenna (20) for radiating at 
each of said plurality of frequencies. 

said antenna being characterised in that : said 
patch radiator means (24) comprises a single 
rectangular patch radiator having a first pair of 
opposed sides (32,34) and a second pair of 
opposed sides (36,38) with a side of said first 
pair being longer than a side of said second 
pair; and 

said slot means (42) comprises a pair of slots, 
a first (44) of said slots being located to extend 
partially beyond an edge of said radiator (24) 
at a side of said first pair of sides (32,34), and 
a second (46) of said slots being located to 
extend partially beyond an edge of said radiator 
(24) at a side of said second pair of sides 
(36,38). 

2. An antenna according to Claim 1 wherein 

said feed means (26) comprises two separate 
electrically isolated microstrip feed elements 
(48,50) each of which is a microstrip conductor 
element, a first (48) of said feed elements 
extending transversely across said first slot 
(44) and a second (50) of said feed elements 
extending transversely across said second slot 
(46), the slots of said pair of slots being orthog- 
onally positioned relative to each other; and 



a ground-plane element (22); 

a first dielectric layer (28) and a second dielec- 
tric layer (30) disposed on opposite sides of 



55 said first and said second feed elements 

(48,50) provide said signals respectively at a 
lower frequency and at a higher frequency to 
excite first and second radiations from said 
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radiator independently of each other at different 
polarizations and at different frequencies. 

3. An antenna according to Claim 1 or Claim 2 wherein 

said patch radiator means (24) comprises a plu- 
rality of patch radiators (58,60,62) disposed in 
a stack and spaced apartf rom each other, there 
being dielectric layers (74,76,78) between suc- 
cessive ones of the patch radiators (58,60,62); 
and 

wherein each of said patch radiators (58,60,62) 
resonates at a different frequency. 

4. An antenna according to Claim 3 wherein said slot 
means (80) comprises a pair of slots (82,84) orthog- 
onally positioned relative to each other, a portion of 
a first (82) of said pair of slots and a portion of a 
second (84) of said pair of slots extending beyond 
an edge of each of said plurality of radiators 
(58,60,62). 

5. An antenna according to Claim 4 wherein 

said feed means (26) comprises a pair of sep- 
arate electrically-isolated feed elements 
(48,50) each of which is a microstrip conductor 
element, a first of said feed elements (48) and 
a second (50) of said feed elements having end 
portions extending respectively transversely 
past said first slot (82) and said second slot (84) 
for exciting at least one of said radiators 
(58,60,62) with a first set of signals differing in 
phase from each other, the signals of said first 
set of signals having the same frequency, the 
frequency being equal to a resonant frequency 
ol one of said radiators; and 
said first (48) and said second (50) feed ele- 
ments are capable of exciting said radiator 
means with plural sets of signals wherein the 
signals of each set are at a frequency different 
from the signals of the other sets, the frequen- 
cies of the respective sets being equal to reso- 
nant frequencies of respective ones of said 
patch radiators. 

6. An antenna according to Claim 5 wherein 

said feed means further comprises a hybrid 
coupler (70) interconnecting said first feed ele- 
ment (66) and said second (68) feed element 
to an external source of signals, said hybrid 
coupler (70) providing equal amplitudes of sig- 
nals in any one said signal sets to said first (66) 
and said second (68) feed elements; and 

said hybrid coupler (70) provides a ninety 



degree phase shift between signals of said first 
and said second feed elements in each of said 
sets of signals to provide for circularly polarized 
radiation from any one of said patch radiators 
s (58,60,62), said feed means (64) and said slot 

means (80) allowing for simultaneous and inde- 
pendent circularly-polarized radiations from the 
radiators of said plurality of said patch radiators 
(58,60,62). 

10 

7. An antenna according to Claim 6 wherein resonant 
frequencies of respective ones of said radiators 
(58,60,62) are different from each other, the radiator 
(58) of said plurality of radiators which is closest to 

is said ground-plane element (54) resonating at a 
highest of said resonant frequencies, and a radiator 
(62) of said plurality of said radiators located at a 
furthest distance from said ground-plane element 
(54) resonating at a lowest of said frequencies. 

20 

8. An antenna according to Claim 7 wherein each of 
the radiators (58,60,62) of said plurality of radiators 
has a square shape. 

25 9. An antenna according to Claim 3 wherein 

said feed means comprises a single feed ele- 
ment (110) and said slot means comprises a 
single slot (1 08), a portion of said slot extending 

30 past an edge of each of said radiators 

(58,60,62), an end of said feed element extend- 
ing transversely past said slot; and 
said slot can couple simultaneously signals at 
a plurality of frequencies from said feed ele- 

35 ment ( 1 1 0) to radiators of said plurality of radi- 

ators, said radiators resonating at different fre- 
quencies of radiation, the resonant frequencies 
being equal, respectively, to frequencies of said 
plurality of signals. 

40 

10. An antenna array (124) comprising a plurality of 
microstrip patch antennas (126) according to any 
proceeding claim, and further comprising drive cir- 
cuitry (128) formed within said first dielectric layer 
45 (72) and coupled to said feed means (1 30) in each 
of said antenna elements (126) for generating a 
beam of radiation from said array antenna (124). 



50 PatentansprOche 

1. Streifenleitungsantenne (20) umfassend: 

ein Erd-Gegengewichtsebene-Element (22); 
55 eine erste dielektrische Schicht (28) und eine 

zweite dielektrische Schicht (30), die auf einan- 
der abgewandten Seiten des Erd-Gegenge- 
wichtsebene-Elements (22) angeordnet sind; 
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Einspeisungsmittel (26), die auf einerSeite der 
ersten dielektrischen Schlcht (28) angeordnet 
sind, welche dem Erd-Gegengewichtsebene- 
Element (22) abgewandt ist, urn die Antenne 
(20) mit Signalen bei mehreren Frequenzen zu s 
beaufschlagen; 

Streifenleitungsstrahlermittel (24), die auf einer 
Oberflache der zweiten dielektrischen Schicht 
(30) angeordnet sind, welche dem Erd-Gegen- 
gewichtsebene-Element (22) abgewandt ist; 10 
und 

Schlitzmittel (42), die in dem Erd-Gegenge- 
wichtsebene-Element (22) mit den Einspei- 
sungsmitteln (26) deckend angeordnet sind, 
wobei ein Abschnitt der Schlitzmittel (42) sich 
Ober einen Rand der Strahlermittel (24) hinaus 
erstreckt, urn Strahlung zum Anregen der 
Strahlermittel (24) bei mehreren Frequenzen 
einzukoppeln, und in der die Strahlermittel (24) 
bei jeder der mehreren Frequenzen in Reso- 20 
nanz sind, wobei die Strahlermittel (24) eine 
gemeinsame Strahleroffnung der Antenne (20) 
bilden, urn bei jeder der mehreren Frequenzen 
abzustrahlen, 

dadurch gekennzeichnet, 25 

daf3 die Streifenleitungsstrahlermittel (24) 
einen einzigen rechteckigen Streifenleitungs- 
strahler mit einem ersten Paar einander abge- 
wandter Seiten (32,34) und einem zweiten 
Paar (36,38) einander abgewandter Seiten 30 
umfafit, wobei eine Seite des ersten Paars lan- 
ger ist als eine Seite des zweiten Paars, und 
die Schlitzmittel (42) ein Paar Schlitzmittel 
umfassen, wobei ein erster (44) der Schlitze so 
angeordnet ist, daB er sich teilweise uber einen 35 
Rand des Strahlers (24) an einer Seite des 
ersten Paars Seiten (32,34) hinaus erstreckt 
und ein zweiter (46) der Schlitze so angeordnet 
ist, daB er sich teilweise uber einen Rand des 
Strahlers (24) an einer Seite des zwejten Paars *o 
Seiten (36,38) hinaus erstreckt. 

2. Antenne nach Anspruch 1, bei der die Einspei- 
sungsmittel (26) zwei getrennte elektrisch isolierte 
Mikrostreifen-Speiseelemente (48,50) umfassen, « 
von denen jedes ein Mikrostreifen-Leiterelement 
darstellt, wobei ein erstes (48) der Speiseelemente 
sich quer uber den ersten Schlitz (44) erstreckt und 
ein zweites (50) der Speiseelemente sich quer uber 
den zweiten Schlitz (46) erstreckt, wobei die so 
Schlitze des Paars Schlitze rechtwinklig zueinander 
angeordnet sind, und wobei die ersten und die zwei- 
ten Speiseelemente (48,50) die Signale bei einer 
niedrigeren Frequenz bzw. einer hoheren Frequenz 
fuhren, um erste und zweite Abstrahlungen von ss 
dem Strahler voneinander unabhangig mit ver- 
schiedenen Polarisationen und mit verschiedenen 
Frequenzen anzuregen. 



3. Antenne nach Anspruch 1 oder 2, bei der der Strei- 
tenleitungsstrahler (24) eine Vielzahl von Streifen- 
leitungsstrahlern (58,60,62) umfaGt, die in einem 
Stapel und von einander getrennt angeordnet sind, 
wobei sich dielektrische Schichten (74,76,78) zwi- 
schen aufeinanderfolgenden Streifenleitungsstrah- 
lern (58,60,62) befinden, und bei der jeder der Strei- 
fenleitungsstrahler (58,60,62) bei einer unter- 
schiedlichen Frequenz in Resonanz ist. 

4. Antenne nach Anspruch 3, bei der die Schlitzmittel 
(80) ein Paar zueinander rechtwinklig positionierter 
Schlitze (82,84) umfassen, wobei ein Abschnitt 
eines ersten Schlitzes (82) des Paars Schlitze und 
ein Abschnitt eines zweiten Schlitzes (84) des 
Paars Schlitze sich uber den Rand jedes der Viel- 
zahl der Strahler (58,60,62) hinaus erstreckt. 

5. Antenne nach Anspruch 4, bei der die Einspei- 
sungsmittel (26) ein Paar getrennter, elektrisch iso- 
lierter Speiseelemente (48,50) umfassen, von 
denen jedes ein Mikrostreifen-Leiterelement ist, 
wobei ein erstes (48) der Speiseelemente und ein 
zweites (50) der Speiseelemente Endabschnitte 
aufweist, die sich quer uber den ersten Schlitz (82) 
bzw. den zweiten Schlitz (84) hinaus erstrecken, um 
wenigstens einen der Strahler (58,60,62) mit einem 
ersten Bundel Signale zu erregen, die sich in der 
Phase voneinander unterscheiden, wobei die 
Signale des ersten Bundels Signale die gleiche Fre- 
quenz haben, wobei die Frequenz gleich einer 
Resonanzfrequenz eines Strahlers ist; und die 
ersten (48) und die zweiten (50) Speiseelemente 
dazu geeignet sind, die Strahlermittel mit mehreren 
Signalbundeln anzuregen, in denen die Signale 
jedes Bundels bei einer Frequenz liegen, die von 
den Signalen der anderen Bundel verschieden ist, 
wobei die Frequenzen der entsprechenden Bundel 
gleich den Resonanzfrequenzen der entsprechen- 
den Strahler sind. 

6. Antenne nach Anspruch 5, bei der die Einspei- 
sungsmittel weiterhin einen Hybrid-Koppler (70) 
umfassen, der das erste Speiseelement (66) und 
das zweite Speiseelement (66) mit einer externen 
Signalquelle verbindet, wobei der Hybrid-Koppler 
das erste (66) und das zweite (68) Speiseelement 
mit gleichen Signalamplituden in jedem der Signal- 
bundel beaufschlagt und der Hybrid-Koppler (70) 
eine neunzig Grad Phasenverschiebung zwischen 
den Signalen des ersten und des zweiten Speise- 
elements in jedem Signalbundel hervorruft, um eine 
cirkular polarisierte Strahlung von jedem der Strei- 
fenleitungsstrahler (58,60,62) zu ergeben, wobei 
die Einspeisungsmittel (64) und die Schlitzmittel 
(80) gleichzeitige und unabhangig voneinander cir- 
kular polarisierte Strahiungen von Strahlern der 
Vielzahl der Streifenleitungsstrahler (58,60,62) 
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erlauben. 

7. Antenne nach Anspruch 6, bei welcher Resonanz- 
frequenzen der entsprechenden Strahler 
(58,60,62) voneinander unabhangig sind, der s 
Strahler (58) der Vielzahl der Strahler, welcher sich 
dem Erd-Gegengewichtsebene-Element (54) am 
nachsten bef indet, bei der hochsten der Resonanz- 
frequenzen in Resonanz ist, und ein Strahler (62) 
der Vielzahl der Strahler, der am weitesten von dem '0 
Erd-Gegengewichtsebene-Element (54) entfemt 

ist, bei einer niedrigsten der Frequenzen in Reso- 
nanz ist. 

8. Antenne nach Anspruch 7, bei der jeder der Strahler »s 
(58,60,62) der Vielzahl der Strahler eine quadrati- 
sche Form aufweist. 

9. Antenne nach Anspruch 3, bei der die Einspei- 
sungsmittel ein einziges Speiseelement (110) 20 
umfassen und die Schlitzmittel einen einzigen 
Schlitz (108) umfassen, wobei ein Abschnitt des 
Schlitzes sich uber einen Rand jedes der Strahler 
(58,60,62) hinaus erstreckt und ein Ende des Spei- 
seelements sich quer uber den Schlitz hinaus 2s 
erstreckt, und der Schlitz geeignet ist, gleichzeitig 
Signale einer Vielzahl von Frequenzen von dem 
Speiseelement (110) in die Strahler der Vielzahl der 
Strahler zu koppeln, wobei die Strahler bei ver- 
schiedenen Strahlungsfrequenzen in Resonanz 30 
sind und die Resonanzfrequenzen entsprechend 
gleich den Frequenzen der Vielzahl der Signale 
sind. 

10. Antennenanordnung (124) umtassend eine Viel- 35 
zahl von Mikrochip-Streifenleitungsantennen (126) 
entsprechend einem der vorangehenden Anspru- 
che, und weiterhin eine Treiberschaltung (128) 
umtassend, die in der ersten dielektrischen Schicht 

(72) ausgebildet ist und mit den Einspeisungsmit- 40 2. 
teln (130) in jedem der Antenenelemente (126) 
gekoppelt ist, urn ein Strahlungsbundel von der 
Antennenanordnung (124) zu erzeugen. 

4S 

Revendications 

1. Une antenne a plaque de type micro-ruban (20) 
comprenant : 

50 

un element de plan de masse (22) ; 
une premiere couche dielectrique (28) et une 
seconde couche dielectrique (30) disposees 
sur des faces opposSes de Tenement de plan 
de masse (22) ; 55 
des moyens d'alimentation (26) dispos6s sur 
une face de la premiere couche dielectrique 
(28) qui est opposes a I'element de plan de 



masse (22), pour appliquer a I'antenne (20) des 
signaux a un ensemble de fr6quenc s ; 
des moyens rayonnants a plaque (24) disposes 
sur une surface de la seconde couche dielec- 
trique (30) qui est opposee a I'6l6ment de plan 
de masse (22) ; et 

des moyens a fentes (42) disposes dans I'6I6- 
ment de plan de masse (22) en coincidence 
avec les moyens d'alimentation (26), une partie 
de ces moyens a fentes (42) s'6tendant au-dela 
d'un bord des moyens rayonnants (24), pour 
coupler un rayonnement de facon a exciter les 
moyens rayonnants (24) a I'ensemble de 
frequences ; et 

dans laquelle les moyens rayonnants (24) 
r6sonnent a chaque frequence de I'ensemble 
de frequences, les moyens rayonnants (24)for- 
mant une ouverture rayonnante commune de 
I'antenne (20), pour rayonner a chaque fre- 
quence de I'ensemble de frequences, 
cette antenne etant caracteris6e en ce que : 
les moyens rayonnants a plaque (24) compren- 
nent un seul element rayonnant a plaque rec- 
tangulaire, ayant une premiere pair© de cot6s 
opposes (32, 34) et une seconde paire de cotes 
opposes (36, 38), un cot6 de la premiere paire 
etant plus long qu'un c6t6 de la seconde paire ; 
et 

les moyens a fentes (42) comprennent une 
paire de fentes, une premiere (44) de ces fen- 
tes etant plac6e de lacon a s'etendre partielle- 
ment au-dela d'un bord de I'Siement rayonnant 
(24), d'un cote appartenant a la premiere paire 
de c6t6s (32, 34), et une seconde (46) des fen- 
tes etant plac6e de facon a s'etendre partielle- 
ment au-dela d'un bord de I'§l6ment rayonnant 
(24), d'un c6t6 appartenant a la seconde paire 
de c6t6s (36, 38). 

Une antenne selon la revendication 1 , dans laquelle 
les moyens d'alimentation (26) comprennent deux 
elements d'alimentation a micro-ruban (48, 50), 
s6par6s et eiectriquement isol6s, chacun d'eux 
etant un element conducteur a micro-ruban, un pre- 
mier (48) de ces elements d'alimentation s'6tendant 
transversalement a la premiere fente (44) et un 
second (50) de ces elements d'alimentation s'6ten- 
dant transversalement a la seconde fente (46), les 
fentes de la paire de fentes etant disposees de 
facon mutuellement orthogonale ; et 

les premier et second elements d'alimentation 
(48, 50) appliquent les signaux respectivement 
a une frequence inf6rieure et a une frequence 
sup6rieure, pour exciter des premier et second 
rayonnements a partir de I'6l6ment rayonnant, 
de facon mutuellement ind6pendante, avec 
des polarisations diff6rentes et a des fr6quen- 
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ces diff6rentes. 

3. Une antenne selon la revendication 1 ou la reven- 
dication 2, dans laquelle 

les moyens rayonnants a plaque (24) compren- 
nent un ensemble d'elements rayonnants a pla- 
que (58, 60, 62) disposes en un empllement et 
mutuellement espaces, avec des couches di6- 
lectriques (74, 76, 78) intercal6es entre des 
Pigments successifs parmi les elements rayon- 
nants a plaque (58, 60, 62) ; et 
dans laquelle chacun des elements rayonnants 
a plaque (58, 60, 62) r6sonne a une frequence 
differente. 

4. Une antenne selon la revendication 3, dans laquelle 
les moyens a f entes (80) comprenrient une paire de 
fentes (82, 84) disposers mutuellement de facon 
orthogonale, une partie d'une premiere fente (82) 
de la paire de fentes et une partie d'une seconde 
fente (84) de la paire de fentes s'etendant au-dela 
d'un bord de chaque element de I'ensemble d'6l6- 
ments rayonnants (58, 60, 62). 

5. Une antenne selon la revendication 4, dans laquelle 
les moyens d'alimentation (26) comprennent une 
paire d'elements d'alimentation separes et eiectri- 
quement isoles (48, 50), chacun d'eux etant un 6I6- 
ment conducteur a micro-ruban, un premier des 
elements d'alimentation (48) et un second (50) des 
elements d'alimentation ayant des parties d'extr6- 
mite qui s'etendent respectivement transversale- 
ment au-dela de la premiere fente (82) et de la 
seconde fente (84), pour exciter I'un au moins des 
elements rayonnants (58, 60, 62) avec un premier 
ensemble de signaux ayant des phases mutuelle- 
ment difterentes, les signaux du premier ensemble 
de signaux ayant la meme frequence, la frequence 
etant egale a une frequence de resonance de I'un 
des elements rayonnants ; et les premier (48) et 
second (50) Elements d'alimentation sont capables 
d'exciter les moyens rayonnants avec plusieurs 
ensembles de signaux parmi lesquels les signaux 
de chaque ensemble sont a une frequence diff6- 
rente de celle des signaux des autres ensembles, 
les frequences des ensembles respectifs etant 6ga- 
les a des frequences de resonance d'ei6ments 
rayonnants respectifs parmi les elements rayon- 
nants a plaque. 

6. Une antenne selon la revendication 5, dans laquelle 
les moyens d'alimentation comprennent en outre un 
coupleur hybride (70) interconnectant le premier 
element d'alimentation (66) et le second element 
d'alimentation (68) a une source de signaux 
externe, ce coupleur hybride (70) appliquant aux 
premier (66) et second (68) Pigments d'alimentation 



des amplitudes de signaux egales dans n'importe 
lesquels des ensembles de signaux ; et 

le coupleur hybride (70) produit un dephasage 
s de quatre-vingt dix degr6s entre des signaux 

des premier et second elements d'alimentation, 
dans chacun des ensembles de signaux, pour 
produire un rayonnement polarise de facon cir- 
culaire a partir de I'un quelconque des 6le- 
io ments rayonnants a plaque (58, 60, 62), les 

moyens d'alimentation (64) et les moyens a 
fentes (80) permettant la generation de rayon- 
nements polarises de facon circulaire, simulta- 
nes et independants, a partir des elements 
15 rayonnants de I'ensemble d'6l6ments rayon- 

nants a plaque (58, 60, 62). 

7. Une antenne selon la revendication 6, dans laquelle 
des frequences de resonance d'elements respectifs 
20 parmi les elements rayonnants (58, 60, 62) sont 
mutuellement diff6rentes, I'6l6ment rayonnant (5B) 
de I'ensemble d'elements rayonnants qui est le plus 
proche de I'eiement de plan de masse (54) reson- 
nanta la plus eievee des frequences de resonance, 
25 et un 6l6ment rayonnant (62) de I'ensemble d'ele- 
ments rayonnant qui se trouve a la plus grande dis- 
tance de I'eiement de plan de masse (54) resonnant 
a la plus basse des frequences. 

30 8. Une antenne selon la revendication 7, dans laquelle 
chacun des elements rayonnants (58, 60, 62) de 
I'ensemble d'elements rayonnants a une forme car- 
r6e. 

35 g. Une antenne selon la revendication 3, dans laquelle 
les moyens d'alimentation comprennent un seul 
element d'alimentation (1 1 0) et les moyens a fentes 
comprennent une seule fente (108), une partie de 
cette fente s'etendant au-dela d'un bord de chacun 

40 des elements rayonnants (58, 60, 62), et une extre- 
mite de I'eiement d'alimentation s'etendant trans- 
versalement au-dela de cette fente ; et la fente peut 
coupler simultan6ment des signaux a un ensemble 
de frequences de I'eiement d'alimentation (110) aux 

<5 elements rayonnants de I'ensemble d'elements 
rayonnants, ces elements rayonnants resonnant a 
des frequences de rayonnement diff6rentes, les fre- 
quences de resonance etant respectivement ega- 
les a des frequences de I'ensemble de signaux. 

50 

10. Un r6seau d'antennes (1 24) comprenant un ensem- 
ble d'antennes a plaque de type micro-ruban (1 26) 
selon I'une quelconque des revendications pr6c6- 
dentes, et comprenant en outre un circuit d'attaque 
55 (1 28) forme a I'int6rieur de la premiere couche die- 
lectrique (72) et couple aux moyens d'alimentation 
(130) dans chacun des elements d'antenne (126) 
pour g6n6rer un faisceau de rayonnement a partir 



10 



15 



20 



14 



27 



EP 0 447 218 B1 



de I'antenne a rgseau (124). 
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